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Abstract

This paper discusses the capabilities of a class of microfounded equilib-
rium models, augmented with Prospect Theory elements in the spirit of al-
Nowaihi and Dhami (2007), to address several open questions in the analysis of
tax evasion and compliance decisions. There are three main results: i) there ex-
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ists a unique equilibrium with a tax evasion, consistent with the empirical esti-
mates for the United States economy; ii) the model predicts a positive relation-
ship between tax rate and evasion rate, while offering a solution to the so called
Yitzhaki puzzle; iii) the «framing effect» plays a significant role in supporting
these results; this is a distinctive characterstic of this class of model, typically not
present in simple individual choice models. Furthermore, the model also allows
us to investigate some potentially relevant effects of labor supply behavior on the
tax compliance decisions.
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1. Introduction

Tax evasion, i.e., the illegal concealment of taxable activity, is a relevant
issue in public economics, whose impact extends beyond developing economies,
also interesting many developed economies, as testified by the most recent (al-
though still tentative) estimations of «shadow» or undeclared economy around
the world (see, e.g., Medina and Schneider 2018). Beyond the obvious difficulties
related to the measurement of the phenomenon, tax evasion presents itself also
as a complex theoretical issue, due to the interplay of many institutional, cultural
and directly economic motivations behind the individual decisions to hide taxable
resources.

Nevertheless, the elaboration of a good theory of tax compliance decisions
is essential for designing a tax structure capable of deterring evasion
(Hashimzade, 2013), and the economic analysis of this topic dates back to the
pioneering work of Allingham and Sandmo (1972), followed by a conspicuous
number of contributions of theoretical and empirical nature. The inclusion of tax
evasion in standard models of individual choice (of microeconomic nature)
brought about a number of interesting «puzzles», or unexpected or surprising re-
sults, that cast doubts on the ability of standard microeconomic theory (of indi-
vidual choice) to properly explain the phenomenon. Prominent among these per-
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plexing results, there is the so-called Yitzhaki paradox or Yitzhaki puzzle (from
Yitzhaki 1974): expected utility models (ET) endowed with a standard description
of preferences’ parameter tend to predict a decrease in the amount of tax eva-
sion when the tax rate increases.

The subsequent literature followed different routes in order to overcome
this (and others) problem. Beyond focusing on «context» or cultural elements,
such as the tax morale,' an important and a recent strand of research took ad-
vantage of the progresses of behavioral economics in trying to extend and en-
hance more traditional models of individual choice.? Of particular interest is the
attempt to integrate in the analysis of tax evasion probably the most successful
and widely known behavioral theory of choice under risk, i.e. the Prospect Theory
(PT) originally developed by Tversky and Kahneman (1992).

PT, in its more complete version, cumulative Prospect Theory, can be
summarized by the following five assumptions: i) reference dependence: the car-
riers of utility are wealth gains and losses relative to some reference point; ii) de-
clining sensitivity: the utility function is concave in the domain of gains and con-
vex in the domain of losses; iii) loss aversion: losses are more salient than gains;
iv) non-linear weighting of probabilities: agents facing uncertain situations over-
weight small probabilities but underweight large ones; v) susceptibility to framin%
effects: agents’ preferences are influenced by the way a problem is presented.
Our study aims at contributing to this line of research by integrating PT into a
scheme which goes beyond the individual-choice framework mainly followed by
the literature so far, with the main goal of providing an intuitive solution to the
Yitzhaki puzzle.

We incorporate the main elements of PT into a representative-agent model
of market (static) equilibrium. The central idea is to adopt an equilibrium ap-
proach in the spirit of Ciccarone and Marchetti (2013)* and to nest in the selected
distinctive elements of tax compliance decisions described in al-Nowaihi and
Dhami (2007). This scheme allows us to devise an analytical framework in which
wider equilibrium interactions can be taken into account, in the light of a more
structured micro-foundation analysis of the tax evasion phenomenon. In particu-
lar, we can include into the analysis decisions related not only to consumption
but also to labor supply, so as to investigate the role of tax evasion along these
dimensions and the ability of this extended framework to provide a solution of the
Yitzhaki puzzle.

! See Torgler (2007) for an overview.

2 See, e.g., Yaniv (1999); Bernasconi and Zanardi (2004); Arcand and Rota Graziosi
(2005); al-Nowaihi and Dhami (2007); Rablen (2010); Cullis et al. (2012). See also Pick-
hardt and Prinz (2013) or Hashimdaze at al. (2013) for a extensive surveys.

8For an exhaustive discussion see, e.g., Wakker (2010).

* Ciccarone and Marchetti (2013) elaborate an OLG model with signal extraction and a
behavioral component in the agent’s utility function. In our model we consider only a static
economic environment.
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The model’s results present improvements on different topics and issues
highlighted by the literature. The paper shows that in equilibrium the representa-
tive agent always chooses — under suitable conditions — a positive but limited
amount of tax evasion.’ More specifically, the model possesses interior (closed
form stationary) solutions under an exogenous and constant probability of being
detected evading; this improves upon the assumption of endogenous probability,
which is typically considered a weakness of individual choice models. Further-
more, the model can overcome the Yitzhaki puzzle in quantitative macroeco-
nomic set-up. We develop a calibration exercise so as to properly fit the United
States economy key characteristics, relevant for our issues, with particular atten-
tion to the evasion rate. Under this calibration, the model predicts that an in-
crease in the tax rate leads to an increase in tax evasion, in line with the empiri-
cal evidence, while allowing us to investigate the relevance and the impact of the
framing effect in the context of the tax compliance decision. We uncover an in-
verse relationship between the parameter determining the framing effect and that
representing the weight of social customs and stigma. In other words, there ex-
ists of trade-off between these two dimensions in the context of tax evasion: a
given level of tax evasion can be related either to a low level of framing coupled
to a high level of social stigma or to a weak framing-high stigma combination.
Furthermore, the slope of this trade off is affected by the elasticity of labor sup-
ply: the higher the elasticity, the lower the level of framing needed to support a
given amount of tax evasion.

The paper is structured along the following lines. Section 2 describes the
model. Section 3 develops the numerical exercise for the United States economy
and discusses the results. Finally Section 4 offers some conclusion.

2. The model

The economy is populated by a representative agent and an exogenous
fiscal authority which collects taxes on produced income, and tackles possible
tax evasion schemes by enforcing deterrence policies and random audits; it fur-
thermore balance its budget via wasteful public expenditure.

The representative agent has the utility function:
cr L¥
U=——&+Bv(Wm) (M

¥

® The original al-Nowaihi and Dhami (2007) model derives a bang-bang solution for tax
evasion; hence it properly describes and explains the phenomen at a microeconomic
level, but is not well equipped for macroeconomic analysis.
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Where C is real consumption of the unique type of good, L is the amount
of labor needed to produce itand 0 <y <1, w>1,¢& > 0 and B > 0 are parame-
ters; the function v(.), which includes the behavioral elements, is detailed in the
sequel. The two quantities C"/y and L ¥ / w are the traditional ones (utility form
consumption stream and disutility for labor services). Each agent can be thought
as consumer-producer, so that he/she carries out current production Y by using
the technology:

Y=L (2)

The agent’s disposable income is, in expected terms, denoted by Y%,
which takes into account taxation and an audit scheme.

The fiscal mechanism acts in the following way: gross resources Y are
taxable and the agent declares to the Internal Revenue Service (IRS) an amount
0 < D < Y. The government levies a tax on declared resources D at the constant
marginal rate 0 <7< 1. When a taxpayer evades 0 = I, = ¥, , he/she is detected

with probability p € (0; 1. If caught evading, the agent pays a constant surcharge

s > 0 on the outstanding tax liabilities Y — D . Thus his/her final amount of re-
sources is given by the following binary scheme, ¥ = {y¥-2¢t, p¥-¥an2l where:

Detected (~p): YN-PEt = (1 — Q)Y —st(¥Y — D)

Not Detected (~1 — n): pN-Nenl —y )

Then, the expected amount of net income stems from the linear projection:
Ve=[1-prll+s)]¥ —7[1—p(1 +5)]D

We now define the budget constraint:
C=Vf=[1-prl +21¥ — 11 —pl1 + 3] 3)

We can describe the features of the utility function (1) by following the
general idea of Barberis and Huang (2009), i.e., that agent are usually subject to
narrow framing, which is a well-known result of PT and of behavioural economics
in general. In the EUT model, the agent evaluates a new gamble he/she is of-
fered by merging the new gamble with other risks he/she is already facing, so as
to determine its overall effect on the distribution of his/her future wealth or con-
sumption. Then he/she evaluates the new distribution so as to ascertain possible
improvements or worsenings.

Nevertheless, a wide experimental literature highlights many deviations
from this behaviour: agents tend to evaluate a new gamble in isolation, sepa-
rately from their other risks. This behavior is named «narrow framing» (Khane-
mann and Lovallo 1993; Khanemann 2003) because the decision taken by the
agent can be affected by the way the decision problem is posited (framing effect).
Also the new gamble is evaluated by considering the distribution of (the gam-
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ble’s) outcomes taken alone, rather than considering the overall distribution of
wealth/resources. In this sense (and coherently with Barberis and Huang 2009)
we may assume that the agent derives utility from the gamble’s contributions to

the overall profile of wealth/resources and consumption (the term ':— as in the

F
standard models) and also directly from a narrow framing effect, as represented
by the term _Sv{l-t’p_n;.}.e The parameter # can then be interpreted as a quantita-
tive measure of the narrow framing effect.

The term V{%_np} (the value function, in PT terminology) in equation (1) is

adapted from al-Nowaihi and Dhami (2007) and encapsulates the remaining four
fundamental elements of (cumulative) PT: reference dependence, constant sen-
sitivity, loss aversion, and probability weighting.” We define the gains and losses
as Wy »p = (F — R) , where Ris the reference value of total resources/wealth and
it is equal to the legal after-tax wealth:

R=01-7¥

Following al-Nowaihi and Dhami (2007), we define the gains-losses W5 an
by including a social stigma component, s.,. , when the agent is caught evading.
Hence W; »z can be split into:

Waer = — (50057 (¥ — D)
Wy_ger =7V —D)

Our definition of W, is different from that adopted by al-Nowaihi and
Dhami (2007): in their paper the expression for Wy, is: (s,,. + st)(¥ —D) | i.e.,
the social stigma is added to the tax surcharge. Nevertheless we justify our
choice of Wy.; by noting that, on one side, in the calibration analysis of section 3
s..c plays the role of a deep parameter, which is not pinned down by independent

empirical evidence.® On the other hand, we also performed simulations with a
version of the model where Wi, = —(s,,. + s7){¥ — D) and the results do not

qualitatively change.

®Notice that a ration}gl agent — in the traditional sense of economic rationality — should only
consider the term £ |

¥
"Reference dependece implies that the agent is interested only in gains and losses form a
reference point. Declining sensitivity makes the utility function concave in the domain of
gains and convex in the domain of losses. Loss aversion captures the idea that, in the
agent’s eyes, losses loom larger that gains. Finally, non-linear probability weighting im-
plies that the agent sistematically overestimates the probability of rare events, while un-
derestimating the probability of more frequent ones.
8Furthermore, reliable empirical estimates of this parameter are difficult to obtain.
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As for the function v, it is defined as:
v(Wp.n5) = E, (W3 0)
—E Il-tfv.;_m, with Wy_gze = 0 with probaility 1 —p (4)
WL AWy ) with Wy, < 0 with probability p

where the E; is an operator which combines the two branches Wy _p.. and Wy,
by means of the probability weighting function w(.), whose argument is the true
(objectively known) value of the probabilities p and 1 — p . Our function vis linear
in its arguments Wz »p implying a constant sensitivity property as in Barberis et
al. (2001). The parameter & =1 represents the loss aversion: possible losses

[%._m < 0) are more salient than equivalent gains '[%_np = 0). The probability

weighting function w is chosen so as to meet the fourth requirement: non-linear
weighting. The most common choice for the function w is the one proposed by
Prelec (1998):

wip) = g-(-Inp® for pel(d:il: w0 =0 and d=b=1

Given these specifications, we can compute the value function v as fol-
lows:

v(Wpmp) = wll — p)r — wip) 85,0501 — D) (5)
= [g—n:—hu:l—.n:-:f“r_ E—u:—1u.n:-'“5.;5mﬂ]](1,r_ D)
=h(¥ - D)

Where h is a function of parameters only, and where the social stigma is
represented by parameter 5., € (1; o).

2.1. Model’s equilibrium

We characterize the model’s equilibrium by solving the following problem:

[ L-prit+lyr—rl—pli+200¥

v
max, , I = - EF 1+ (¥ — D) (6)

»
.t D-¥=0; D=0 ¥=0

We included in the utility function U consumption C as expressed by the
agent’s budget constraint (3) with equality. As for the three other constraints in
(6), they allow us to investigate the possibility of interesting corner solutions, i.e.
when itis (Y >0; D =0) or whenitis Y = D > 0. Before moving to the discussion
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of the solution, Lemma 1 deals with the concavity of the utility function U in prob-
lem (6), which is a delicate issue for this class of models.

Lemma 1: The function U(Y,D) in problem (6) is strictly concave for Y >0
and C>0.

Proof: See Appendix.

The linearity of the constraint I — ¥ = 0 allows us to carry out the analysis

of problem (6) in a standard fashion. To ensure economically reasonable solu-
tions, we restrict ourselves to the case:

h<Oandp(1+58)<1

When h < 0 the agent found him/herself in the region of losses (unless it is
Y =D) and p(1 + s) < 1 is a common assumption in this type of studies, given the
small values of the detection probability commonly found in empirical analyses.9

Solutions of problem (6) are synthesized in:

Proposition 1: Optimal values of Y and D are related to the framing pa-
rameter i and to the threshold values:

fr—17 ¥ir-1)

f= (2)—Be s ()7, g, = (L) et —p(1 + 0] ST

— . .
[L-pli+sd] w-¥ (-

in the following way:

1) when: § = B the chosen values are: D =0 and

1

(1—1) W=
;:- ( [ ) r

rz FlL-pli+ 7 >0 ;

2) when: p € (f: 8.) the chosen values are:

_t
V= (-1 -l (7)
2
_ (—agir—1
b=4¥-— T[L-pli+gl]i=¥ (8)
BR 1-prii+2]
Where: Ay = —————: A, =————

fri—pli+ 8" T[1-pl1+5)]
i

1) when § = B4 = [ the chosen values are: y = p = (_:31‘73"')ﬁ - 0.

r

3

Proof: See Appendix.

®This is also coherent with the numerical analyses carried out in the subsequent sections.
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It is worth noticing that, when the agent is fully rational, i.e. B= D, the solu-

tion is:

]‘*;= Voo = 0

[i-pzii+s¥

r

3

and the evasionis full: D =0, as itis certainly g =0 = .

In the market equilibrium we impose a government balanced budget, i.e.,
G = 7[1-pll + 351D+ pr(1 + s)¥. This implies that:

L=Y=C+G

3. Calibration and model analysis

We apply the model to the United States (US) economy, as plenty of em-
pirical estimates of the relevant parameters are available for this economic sys-
tem. The aim of our analysis is threefold:

we first want to verify that our model, given the average tax rate t for
the US, can replicate the empirically estimated amount of tax evasion
(as represented by the ratio V—;""' ) for plausible values of the remaining

parameters.

Next, we perform a numerical exercise in order to determine the re-
sponse of our model to changes in tax rate =, i.e. to test its ability to
solve the Yitzhaki puzzle. We explore this issue under two different
assumptions on the features of labour supply: an economy with a rigid
Iabormsupply and another one in which an elastic labor supply pre-
vails.

We also explore the model's behaviour when the two most important
parameters (for our approach, i.e.: § and s,,.) changes. We then con-
sider different values for § and s.,. and verify the existence of an posi-

¥-p
tive relationship between ~, and 1.

There are nine parameters in the model: y. €.y, p. 5. b. 8, 5., and §. We first
assume a log specification for consumption utility (i.e. ¥ = 0), which is commonly
adopted in standard macroeconomic modelling (our results would not qualita-

108 rigid labor market is characterised by a high 1, while an elastic one by a low 1.
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tively change under a strictly positive value of ¥). Equilibrium conditions now
read:

1
V= (—(1 —1)dp)vs )
— i
D=AY+- (10)
. _ Sh . _ 1-prili+8]
Where: 4, = rrii—pltes]’ Ay = Ti-plies)]

In order to undertake a rigorous calibration exercise, we pin down five pa-
rameters from existing literature (. p. 5.5, &), relying on commonly accepted fig-
ures. The remaining two parameters are the social stigma s.,. and the framing
parameter #; these are fruly deep parameters and we work on these, to under-
stand whether reasonable figures are capable to endorse our targets.

It is first necessary to find a figure for the evasion rate % This is a chal-

lenging empirical estimate due to the natural difficulty of estimating an unofficially
reported quantity. Here we use as a benchmark the widely accepted estimates of
the ratio of the underground economy over total GDP (for the US), provided by
Schneider and Enste (2000) and Schneider et al. (2010), who set this ratio in the
range of 8.4% to 8.8% in the recent years. This should be properly thought of as
the ratio of the aggregate income evaded over total income. In particular, taking
into account the possibility of specific forms of evasion for wealth (such as migra-
tion in fiscal paradise, etc.) it appears reasonable to assume 8.8% as a plausible
figure.

As for the benchmark value of the tax rate , we first rely on official data

from the Bureau of Economic Analysis11 to compute the stationary Government
Receipt/GDP ratio: GovE/Y = 0.2755 , over the period 1950-2011 and then set
T = GovE Y.

We discuss, next, the calibration of the other five parameters.

1. The loss aversion parameter & is set to & = 2.25, as justified by a wide
amount of empirical research (e.g. Tversky and Kahneman, 1992).

2. The parameter of the Prelec weighting function is set to & = 0.35, which
is the benchmark value in al-Nowaihi and Dhami (2007) analysis.
3. The surcharge rate or penalty rate s is set to s= 0.5, which is a viable

empirical estimate for the additional payment after an audit in the USA (see Alm
et al. 1992; Andreoni et al. 1998).

""The tables are: GDP (nominal), NIPA table 1.1.5; Government receipt, (nominal) NIPA
table 3.1. GovE and Y are computed as long run averages.
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4. Probability of being detected p is set to p = 0.02, which is the average
value of the range of realistic values for the US economy: ¢ € [(01; 0.03], as re-
ported by al-Nowaihi and Dhami (2007),"

5. Parameter y is a measure of inverse total labor supply elasticity, which
we use for discussing two scenarios for the labor market. A rigid labor market
scenario (i.e. ¥ = 7 or 10) and an elastic labor market scenario (i.e. i = 1.2). The

latter seems consistent with the estimates of Kimball and Shapiro (2008) who ob-
tain a Frisch elasticity close to 1.

Finally, the scaling parameter £ of the disultiltiy of labor is calibrated so as

to ensure that, in the subsequent analysis all endogenous variables (notably Y
and D and their ratios) are positive and, when required, capable to match the tar-
gets.

We can now use the two parameters controlling the social stigma and the
framing effect =, and &, respectively. The calibrations for the two labor market

scenario are summarized in the following table and discussed in the next section.

Table 1

Scenario #1: Rigid labor market . = 7: 10

Fixed parameters T = 02733 s=0.5 g =2.25
p=0.02 b=0.35

Adjusted parameters Seocs i €

Scenario #2: Elastci labor market . 1 = 1.2

Fixed parameters v = 02733 s=0.5 g =2.25
p=0.02 b=0.35

Adjusted parameters S B0 E

In this framework we investigate the model's response (with attention to
the equilibrium evasion rate) after changes in the tax structure; we also analyze

the role played by the agents’ main behavioral components == and B From a
technical perspective, we undertake a perturbation of the parameter space in the
two scenarios.

'2See also Alm et al (1992); Andreoni et al. (1998) and Bernasconi (1998).
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3.1. Scenario # 1: PT in a rigid labor market

We consider, in this context, two different calibration schemes, differing
only along the social stigma and framing dimensions: the first one refers to an
economy with relatively low social stigma in evasion and relatively strong framing
effects; the second one represents an economy with relative high social stigma in
evasion and relatively low framing effects. Table 2 summarizes the first calibra-
tion scheme:

Table 2

Strong framing effect; low social stigma

Standard calibration: as in Table 1

Labor market £ =0.04 P =
Deep parameters o = 4 4 = 6.88

By plugging this calibration into equations (9)-(10) we confirm that we are
reasoning around the empirically estimated evasion rate %E (.083. A simula-
tion of the numerical versions of (9)-(10) is presented in Figure 1 below.

Panel A shows the positive relation between tax rate increases and eva-
sion rate, which is our proposed solution to the Yitzhaki puzzle, qualitatively in

line with the empirical evidence. In addition, once the tax rate and the evasion
rate are pinned down, it is possible to draw an inverse relation between £ and

3.0 (Panel B).
It interesting to mention that qualitatively similar results arise in a calibra-

tion with weak framing effects and high social stigma, such as the one shown in
Table 3 below. The model predicts the empirically consistent evasion rate, and

solves the Yitzhaki puzzle (positive relationship between % and 1).
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Figure 1

Panel A: the relationship between D/Y and (Y — D)/ Y as dependent variables

and = where the values of (7. £.¢, p.5. b, 6. 5.,. ) are those of Table 2, with

T £ [0.25,0.3]. Panel B: the trade-off between / and s, .. according to equa-
¥-D

tion (11) and the values of ( 5 ¥:T:#:5. 2. @) of Table 2. Notice that in both

Panels the value of h is always negative.

Panel A Panel B
S
Table 3
Weak framing effect; high social stigma
Standard calibration: as in Table 1
Labor market F=10.03 = 10
Deep parameters Sppe = 8 4 = 0.8975

The results we just presented suggest that there exist a trade-off between
5.0 (included in ks, 1) and 8. This comment can be formally derived from the

. . , -0 .
stationary equations for Y and D; computing ——, after some algebra, we obtain
the following relation:

e

i
_[¥r-p (1-73 )]' I ( (1-7) j'E 1 11
-E - [ ¥ + (T[l—p':1+.3?: Fa-ple+s (—hlzea:N) ( )
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This means that the Yitzhaki puzzle (i.e., the slope of the relationship be-
tween ((Y — D)/Y and 1) can be solved by analyzing the behavior of equation (11).
In other words in our macroeconomic model, evasion rates positively respond to
an increase in tax rates (as evidences suggest) either with strong framing effects
and low social stigma, or with weak framing effects and high social stigma. We
think, however, it would be interesting to explore the possibility to preserve this
result with an even smaller framing effect.

3.2. Scenario # 2: PT in an elastic labor market

The analysis of the elastic labor market scenario can be carried out along
the same lines of the previous section. Table 4 presents the calibration for an
elastic labor market (i.e. a low value of i, coherent with macroeconomic esti-
mates):

Table 4
very weak framing effect; high social stigma
Standard calibration: as in Table 1
Labor market £ =0.03 P=12
Deep parameters Spge =9 & =0.057555
The numerical results are presented in Figure 2:
¥-D

Panel A shows a positive relationship between = and - analogous to

that of Figure 1; the trade-off between £ and s, is also confirmed (Panel B).
There are two interesting results. First, the model offers an empirically
consistent prediction for the (’r%ﬂ) relationship for a smaller range of t rates.

Second, in a «high-elasticity economy» a very small deviation from rationality is
sufficient for having a positively sloped relation between tax rates and evasion
rates; we think that this a particularly welcome result.
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Figure 2

Panel A: the relationship between D/Y and (Y — D)/ Y as dependent variables
and T where the values of (5. £, 3. p. 5. b, 8, 5., ) are those of Table 4, with

T £ [0.273,0.313]. Panel B: the trade-off between ¢ and s.,. according to

v-D
equation (11) and the values of (% 7. 7.5 b€} of Table 2. Notice that in
both Panels the value of his always negative

Panel A Panel B

oY
0o = = = {Y-D)Y

ol L L L L L s L
0.275 028 0285 029 0.295 03 0.305 031 0315

3.3. Discussion: the economic intuition

We think that this model makes an interesting point in theory, with a
straightforward economic intuition. It is convenient to discuss the mechanism by
recalling the equilibrium values of D and Y, as given by equations (9)-(10) and

taking the ratio = :

1-tpli+s) £

D —
E - P P p— -..L
[—fh=—— i | ¥ 1R

fl-plasal

Ti-pli+s)]

Since h <0, we rewrite the ratio as:

D _ 1-1p(1+) £
¥ ai-pli+sd] | . LoD 1o ﬁL
——— [ [
oreren

(12)

1

This last expression allows us to discuss the economic mechanism. Con-
sider, first, a model without PT, i.e. # = 0, and notice that in this case ; = —% ;
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this means that D = 0, in the sense that the tax payer will declare nothing. This is
the corner solution that depicts the puzzling question «why do people pay
taxes?».

When PT is included (i.e. imagine we make g slowly increasing), the loss
aversion component incentivates the tax payer to declare more. This is a key re-
sult of our model, which improves upon the current state of the art. While in al-
Nowaihi and Dhami (2007), under constant detection probability, the agent
switches from one corner to the other (no compliance, full compliance), our fram-
ing effect (in the spirit of Barberis and Huang 2009) convexifies, through the mar-
ket mechanism, the equilibrium compliance choice. In our model, the additive
structure of the utility function (1) allows the agents to compare the contributions
of the choice variables (e.g., D and YY) to the different additive components, so as
to prevent the bang-bang solution. But the introduction of the additive elements
into (1) requires, in its turn, to cast the analysis in a proper context of market
equilibrium. More precisely, the reason why in our model evasion increases as
tax rate raises stems from the fact that the tax payer, when young, feels poorer:
then he/she will produce less and send a smaller amount of resources for con-
sumption in the next period. The agent also foresees a lower level of consump-
tion utility and finds himself/herself in the region of losses (h < 0); hence he/she is
keen in taking more risk and therefore evades more.

In a flexible economy (i.e. the elastic labor market, scenario #2), tax pay-
ers react more quickly to changes in fundamentals. Consider an increase in .
First, the young are willing to work less (and therefore to produce less); as a di-
rect consequence, they will declare less income. Since the equilibrium decisions
are strongly sensitive and reactive, it is sufficient a relatively small framing effect
(i.e. B) to activate the mechanism previously discussed. This effect is also evi-
dent by direct inspection of equations (9), (10) and (12): a low = implies a high
value of the exponent in the terms of these equations and this, for example in the
case of Yin (9), means that a change in 7 brings about a stronger response of
the equilibrium output.

Finally, the origin of the trade-off between & and =..- can also be explained

by a straightforward argument. For having an economically viable solution, the
term h in the equilibrium equations (9)-(10) must be negative; as the same term

is equal to: h = g~ (-IRI-F g _ g=-I7 g (s <7} and it is multiplied by g, it is
evident that, for matching the empirical target of V;VD a reduction of § can be

compensated by an increase of *soc.
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4. Conclusions

This paper presents a novel modelling framework in which PT is integrated
into an otherwise simple and standard model of market equilibrium with an ag-
gregate-representative agent, in the context of tax compliance choices. The aim
is to tackle the main issues and puzzles of the tax evasion/compliance behavior
with a theoretical instrument which is innovative with respect to previous attempts
on the same route. The market equilibrium environment allows us to define the
choice problem so as to take into account all the relevant features of PT and in
particular the framing effect, which proved to be difficult for the existing models
based on the individual-choice approach.

In our model the role of the framing effect is encapsulated into a single pa-
rameter (%), and this is in line with the general strategy recently proposed by
Rabin (2013) in order to extend and increase the explanatory power of current
economic theory. This strategy, called PEEM (portable extensions of existing
models), is based on the modification of an existing model by means of different
psychological assumptions to be represented in terms of parameter values. In
our scheme, by setting the framing parameter § to zero, a completely standard
model would result, so that the comparison with the standard theory is made
straightforward. By assuming a positive value for the parameter §, behavioral PT
elements can play a role, and we can show that the resulting equilibrium can be
coherent with quantitative estimations of the amount evaded in US economy.
That is, the numerical version of the model efficiently predicts the overall amount
of tax evasion and generates a positive relationship between the tax rate and the
evasion rate, thus providing a solution for the Yitzhaki puzzle. Furthermore, we
explore the interaction of the framing effects — as represented by § — with the so-
cial stigma, and find that there exists a trade-off between the two phenomena:
the same amount of tax evasion (relative to the GDP) is compatible either with a
low level of framing coupled to a high level of social stigma or with a low fram-
ing — high stigma combination.

As the model includes the equilibrium choice of the labor input to be used
in production, we can investigate the role of the elasticity of labor supply in shap-
ing the tax compliance behavior. We find that in the presence of a highly elastic
labor supply, even a very small level of framing, and hence a very small deviation
from standard rational behavior, can support the observed level of tax evasion,
provided that the social stigma is sufficiently strong. This is due to the fact that in
a high-elasticity economy the agents reactions are stronger, and this magnifies
the effects predicted by PT.
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Appendix

Proof or Lemma 1: The Hessian matrix Hof U (Y, D) in problem (6) is:

@ yg
Bl o)
ay = (r — D[ —pr(1 + ]3¢ % — @ — FYY-?
a;; = ay = —(y — D11 - p(1 + D][1 — pr(1 + 5)]C7?

Gy =y — 10221 — p(1 + 512 €Y1
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where from the budget constraint it is:

C=[1-pr(l +s)]¥ —7[1 - p(1 + 51D = 0. For Uto be strictly concave, matrix H
must be negative definite, that is the following conditions must be satisfied:

ay, =0 [Hl=0

As itis ¥ € (0: 1} and i = 1, the first condition is satisfied for strictly posi-
tive values of Y or C. As for the second one, note that the determinant of the
Hessian H is:

Hl =0 -y)@p - 1) [1—pr(l +)]7ECT?¥Y¥2 > 0
For Y,C > 0.
Proof or Proposition 1: The Lagrangian function of problem (6) is:

_[[i—pC +s]]F;T[1—?{1 +st]]"'_§%+_31:{?—9] + (Y —D)

L

and, given lemma 1, optimality conditions for the problem are:

=1 (13)
dy

& g 14
= (14)

Ay —D) =0 (15)
drl

FE=U (16)
pE =g 17
P (17)

We now consider different cases:

Case l) D =0 and Y > 0: positive production/income and full evasion. From
(14) and (16)-(17) we obtain:

[1-prQ +s){1-prQ +)]YF —¥¥ 14 g =0  (18)
—tll—pQ + a1 —pr(1 + YV < Bh (19)

Hence we can substitute the term —7[1 — p(1 + s}]{[1 = pr(1 + =} ]¥}~*in
(18) so that it is:

(1=01=p(1 + {1 =pr(Q +)]¥}* < Fy¥-!?

As Y >0 and ¥¥~7 is monotonically increasing in Y, this inequality can be
expressed in this way:
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f1—71 -+ _
- (-:[1 pl1+217i- -f) =Y,
We then insert the lower bound ¥, into (19):
y-1
P - et + 915 =1 s

—l1 - p(1 +9)] {(

and solve with respect to £:
_—
g« ( 1 ) Ti—pli+a)] (L—r),,;_-f _ E
F=ln WO\ =1
Y —plied] ¥ ¥

Casell) Y, D >0 and D — Y <0. In this case, from (15) itis 4 = 0 and from
(16)-(17) we obtain:

[1-pr(l +s){[1-prQ + ]V —z[1 — p(1 + s)]DP— — F¥¥~' = —Bh
-l —p{1 + )11 —pr(d +sM¥Y —1[1 —p(Q + )1DF L = gh

This system of equations can be solved so as to obtain equations (7) and
(8). The explicit form of the solution of D is hence:

p=—21: {['i‘“' 3"“]‘*'1[1 prl +5] - [—2— ]'ﬁ}

Ti—-pli+a)] [ Lrt—-pli+a) Ti—pli+2)]

and given D >0 and ~5" = 0 it must be:

fi (-8R < f(—BH) (20)
A= [;”—f;]‘* *[1-pr(1 +5)]

i

k= [u—ﬁiﬂ]ﬁ

Both functions f are positive and f; is monotonically increasing in —gh
while f. is monotonically decreasing in the same argument. They intersect at:

13— [r—1)

—hE=[1—p(1 +][1 - p(1 + s]]%%:.:_d(fj‘*"f

Hence, for inequality (20) to hold, it must be:

=1

= 1 Tl —pli+2)] 1-7"
F=f= (_) T—LET (T)

- . -
[L—plissl] ¥y
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Case lll) Y =D > 0, i.e. positive production and no tax evasion. From (15)
itis 4 = 0 and equations (16)-(17) are now:

D—prl +a )1 —a¥VP* — V¥ + R+ 1=10 (21)
—tl1-p( +){[1 —7]¥P 1 —pgh—1=0 (22)

The solution of income/production is hence:

v = (L;)‘*; =0

3

which can be substituted in one of the (21)-(22) yielding:

L T

Y
A=—tll —pll + 3] {{1 -9 [ } —Bh =0
L3
The inequality can also be expressed in this way:
-
Bz (L)1 -pll + = 8,

(v

Straightforward computation shows that: ;= g, due to the assumption
p(1+5s)<1.
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